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METHYLATED HYDROXYPROPYLCELLULOSE AND 
TEMPERATURE RESPONSIVE PRODUCTS MADE 

THEREFROM " 

FIELD OF THE INVENTION 

The present invention is directed to a method of 
making ion and temperature sensitive polymeric materials based 
on methylated hydroxypropylcellulose (m-HPC) and their 
applicability as binder compositions. The present invention is 
further directed to fiber-containing fabrics and webs comprising 
ion sensitive binder compositions and their applicability in water- 
dispersible personal care products. The present invention is also 
directed to thermoformable articles comprising methylated 
hydroxypropylcellulose. 

BACKGROUND Qp THE INVENTION . 

For many years the problem, of disposability has 
plagued industries which involve disposable diapers, incontinent 
garments and feminine care products. While much headway has 
been made in addre^sihg this problem, one of die weak hnks has 
been the inability to create ad economical coherent fibrous web 
which ^ill readily, dissolve or disintegrate in water. See, for 
example, U.K." pktent disclosure 2,241,373 and U.S. Patent No. 
4,186,23.3. Without stich a product, the ability of the user to 
dispose ^of the product; by flushing it down the toilet is greatly 
reduced, if not eliminated, if Furthermore, the ability of the 
product to disintegrate in a landfill is quite limited because a large 
portion of the product, components- which may well be 
biodegradable or photodiegradable, are encapsulated in or bound 
together by plastic which degrades slowly over a long period of 
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time, if at all. Accordingly, if the plastic disintegrated in the 
presence of water,, the internal components could degrade as a 
result of the rupture of the plastic encapsulation or binding. 

Disposable diapers, feminine care products and adult 
5 incontinent care products usually contain a body side liner which 

must rapidly pass fluids, such as urine or menses, so that the fluid 
may be absorbed by an absorbent core of the product. Typically, 
the body side liner is -a: coherent fibrous web which desirably 
possesses a number , off characteristics such as softness and 
10 .flexibility. The fibrous, web of the body side liner material i^ 

typically formed by wet or dry (air) Idying a generally random 
, pluralit>r of fibers and joining them together to form a coherent 
web with a binder. Past, binders have preformed this function 
From an environmental standpoint, it might be stated that 
15 the past binders have performed this function too well in that the 

binders, tended not to; degrade and; thus the liner remained intact, 

severely hampering^ any environmental degradation of the 
disposable product. : ^ ; 

More recently, binder compositions have been 
20 developed which are more environmentally responsible and 

exhibit better water .solubility than: past binders. Of particular 
recent interest are binders comprising polymers having inverse 
solubility in water. It is well known' that a number of polymers 
exhibit cloud, points or inverse solubility properties in aqueous 
25 media. These polymers have, been cited in several publications 

i for various applications, including t ( 1 ) as e vapor atibn' retarders 
■ '(•^.^ ■^^92^^?)' as-tjpmperature sensitive compositions, which 
are useful as temperature indicators, due to. a^harp color change 
, associated .with a,, icorresponding temfp'erature : change (JP 
.^.1^2527); (3) as heat- sensitive materials ' that are opaque at a 
. ^.P^cifi^ teniperature^ahd become transparent when cooled to 
,. below the specifip; temperature {JP 51003248 and JP 81035703); 
(4) . as \yound dEe.ssihgs vvith-good absorbing characteristics and 
easy removal (JP. 623.3809); arid (5) 'as materials in flushable 
35 personal care products (U.S. Patent No. 5,509,913)/ 
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One polymer, having inverse solubility in water is 
hydroxypropylcellulose .(HPC)v Phase transition for HPC occurs 
at about 40-44°C,: which is substantially higher than the triggering 
temperature, required; for a flushable material As used herein 
"triggering temperature": is the temperature at which a flushable 
material rapidly breaks down and disperses into water. In 
addition, the level; of hydration bf HPG above tft6 cloiid i>6iht is 
high. Without; chemical! modification/ HPC is tinsiiitable as a 
binder material in flushable personal care- products. HowdVer, it 
has been, discovered :that fwith chemicM^ naddificatibn^ such as 
methylatipn, one can lower the transilioh teiiiperature to that of a 
triggering^ temperature and Aat thS sain« tinie iiiiprbVe water 
stability-aboye ithe triggering . tempera - ' 

Vl^hods forimethylatiori* o^^ celltilose 
ethers are, shown, foi; ; example; 4fi^ U^;S;^ Pa^^^ No: 4;696,325, 
which discloses a method-^of making-methylated HPC for use as a 
gelling agent in organic media. Although mtethylation of HPC is 
well known in the art, chemical modification of HPC to obtain a 
desired cloud point is not disclosed; Further, chemical 
modification, of HPC to obtain a triggering temperature in a 
desirable range of about 23 to Ig'^C, sUchthat HPC is suitable as a 
binder material in water-dispersible articles is not disclosed. 

, HPC has been used , in a number of applications. 
Stafford et ak describes the use of HPC as a temperature sensitive 
binder in J.. Pharm. Pharmaco] . (1978), 30(1), 1. Other 
references .relaied to temperature and ion serisitivity of HPC 
include joumal articles such as (i): s -: Philp et-ial.. Celhil!: 'Chem.. 
Biochem. Mater. Aspet^ts iaQQ^V. v^l a:7\^if?^ri^t.Af. et al., 
CollQidg Surf, .mm^Alv ^m^<3)Maa^J 3. Gorttr^l ted Release 
,(1^94),v47(2),.i;75;: C4-). .Chowdhury.= et^al.; Potvm. Mater ' Sci. 
Eng. (1988), 55y4Q45; aixd (5) /Nagura^ er a^.. Kobuhshi 
.fionbun&hu <1981)i .38(a)r' 133; andn patents tuch as (1^)- CA 
.2100523 AA f©r ink-.jet, recording;*3(2) JE.'761i081''as =£t' whitening 
.agent; and ,(3) :,^O;f8706t52 as''a^fdafverihgv reWoving, or 
reacting substance.'V' _.;> . v-^-.j. " -■•./.■.?•-.>'■ v. :...- -.ec.---. ■. ■ 

Although many patents disclose various ion . and 
temperature sensitive compositions for flushable materials, 
including HPC, there exists a need for flushable products 
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possessing softness, three . dimensionality, and resiliency; good 
flui^ wicking properties without the need to add surfactants to the 
web structure; wicking and structural integrity in the presence of 
body fluids at. body temperature; water-dispersibility at 
specifically controlled water teniperature; and true fiber 
dispersion after toilet flushing so that fibers do not become 
entangled with tree roots or at bends in sewer pipes. Such a 
product is needed at a reasonable cost without compromising 
product safety and environmental vGoiicems, something that past 
. products havei. failed , to do. 

SUMMARY OF. TOE .INVENTION 

-The present, inyention us directed t a method of 
producing, .methylated. (m-HPC). By 

controlling , the- degree pf 'methylation, one can manipulate the 
lower critical solution.. temperature (LCST) of the m-HPC 
polymer to below room temperature and thereby stabilize the 
polymer in wa?er above about 21; to 25P.C. As used herein/ the 
phrase "lower critical, solution temperature" denotes the 
temperature at which the polymer solution experiences a phase 
transition going from one phase, (homogeneous solution) to a two- 
phase system (a polymer ricfe phase and a solvent rich phase) as 
, the solution temperature incrsases. 

The m-HPC materials are particularly useful as 
binders and structural components, for iiir-laid and wet-laid 

- nonwpveniabrics.for water-dispersible- products. As used herein, 
the term, "water-dispersible., product" me^^ a product Which, 
when exposed to a fluid at a temperature of approximately 22°C 
for approximately 2 minutes, dissolves or fragments into pieces 
all of which; :wili ps$s_. through -a' 20 me^h^^s Some 
applications include,:,but..areinot:linuted to, aipplications such as 
body-side liner, rfluididisMbution material, fluid in-take material 
(surge) pr coyer stpekiin. various flushable personal care products 
sppi^. as diapers,, tampojisi, feminine pads, pantiliners, and 

. .. The temperature .and ion responsive, thermoplastic 

- mnHP<3 polymer of the present invention remains relatively stable 
in warm water or in dilute aqueous salt solution, such as sodium 

8l)BSPBIEr!ir|ll!i£ 2i ■ 
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chloride or sodium .sulfatSi but dissolves quickly in cold water. 
The transition .temperature is controlled by modifying the level of 
methyl ation of the m-HPG structure. Furthei^more, water 
sensitivity or the wet stretigth of the m-HPC material is improved 
by incorporating, water-insoluble polymers into the material. In 
addition, the m-HPC polymers cari be thermally processed to 
produce films, fibers, nonwovens. Effects of pdlynier structure, 
blend composition and > stimuli bii the triggerability and 
mechanical strength of these "mateiiiaiS are disclosed. ' 

The present invention is ialso'diiectba to m-HPC 
polymers thefmally processed to produce films, fibers, and 
nonwovens. It has been discovered ithat?thl^^m-HPCi)6^^^ 
be thermally processed, using nc^on'Vehtional* thermal processing 
equipment sucji as extruders:: f"uithennQipe^i^^ 
is directed to. m-HPC polymers s6lutioii proces§6d t6^p^^^ a 
number of- products. Particular applications^ of ihterest are 
ai r-laid materials for use in body-side liners; fltiid distribution 
materials, fluid in-take materials (siirge) and cover stock for 
various flushable personal care products containing m-HPC 
polymers, v ..■ . . . ' 

The present invention' also discloses how "to make 
triggerable nonwovens inchiding cbverstock (liner)' and intake 
(surge) materials, which are stable in- body fluids having high 
ionic conteiit oj.ia fluids around Jjbdy femperature, using unique 
m-HPC . bindeii compositions.^ . The resultant nonwovens are 
flMfhjable %nd w^terrdisipersihie.due to the tailored LCST br cloud 
point i which is. aboy.e^fthe ten^erature -Of Water Sifeh as found iii a 
toilet. -.j^,^ ,.,-;u^!j-'3r;;n^.; biiJii h- bf:Vc;^,■•v•;. 

DETAILED DESCRIFriON OF THE INVENT ' 

To ,fee an- ej^ectiveufettip^^ 
material . suitably rfoTLUseiin flushabife ^^ei^Orial tare products, a 
material ^shpulA desirably^ be i 1> ifunCti^^fial; i^elV iri^htaih ^wet 
strength under cont|-olled-.cDnditionsf:;arid diSs-OIVe or dis|jerse 
rapidly in cold water such as found in a toilet; (2) thfei^i6plastic; 
(3) safe (not toxic); andi (4> econottiicat.f' -One polymer, which 
meets the above criteriav is methyiated hydroxypropylcMlulOse 
.(m-HPC),.,.. -V'. " '- 'i-^- ' ' - ^-^ 
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m-HPC is produced by methylation of HPC with 
methyJating agents such as dimethylsulfate or methylchloride. 
The cloud point of m-HPC is precisely controlled by the degree 
of methylation. Unlike HPC which, when precipitated in water, 
5 forms a sypramolecular helical structure along the backbone 

leading to a very loose, open ' precipitate with no gel-like 
property, m-HPC precipitates as a solid mass with a very low 
level of hydration. This precipitation behavior may be caused by 
the introduction of. methyl groups, which disrupts the helical 

'° structure and increases overall hydrophobicity of the polymer 

chain. , ,m-HPGihas cohesive. energy ^nd gel strength comparable 
i to poly(N-isopropylacryiamide) .(IP AM), above the triggering 
point. As used, herein the phrase "triggering point" or "trigger 
temperamre"..refers. tOvthe LGST or cloud point temperature. 

^5 . ^-. Jt should be understood that ^^^^ 

directed to methylated hydroxypropylceliulose (m-HPC), not 
methylhydroxypropylcellulose (MHPC), a copolymer of 
methylcellulose and hydroxypropylceliulose. MHPC has a 
relatively high LGST or cloud point .of abbut 55 to ISO^C and is 

20 difficult to thermally process. On the other hand, m-HPC has a 

LCST or cloud point that can be tailored down to 0°C and is 
easily tliermally processed. 

To illustrate the relationship between cloud point and 
degree of modification of m-HPC, Table I is provided below: 

25 

.. . . Methyla tion: and Cloud I-cAnPnf' Selected HPCr 

Sample Ratio of Met) to OH CP (*=C) 

,. m:m>C-l . . . r- - ; : CSS : : : • - 19-22.5 
30 .jn-HPC-2:- ; v . :.,.:rLl 0.46 ; • - ■ • -" •-^ '2^1-26 

;^ m-HPCr3 , • 0.44' i;/ ..^n ^^-^'23-28' 

. mrHPCr4 -.--^ - ■-/.-o- .0.43: • • ^ ^''-23^26.5 

.\ m-HPCT5,;-. w . ^,^.-i-(>.39-- " 26-31 

-/■mrHPC-6 -,; - ■■ ^ -i-o- ^0^6 ^'i'i ■" ' - •" 31I35 

35 - )HPa ;^r i ; . 0.00-i ■ -44-50 
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, . Replacement of hydroxyl grdbps with methoxy 

groups increases the .hydrophobicity , of HPC.: As a result, the 
cloud point of m-HPC decreases by increasihje the degree of 
methyiation as shown in Table I. Fiirthermbre, sinbe m-HPC has 
5 narrow cloud point : distributions, one can easily control the 

solubility of m-HPC at a given solution temperature by varying 
the amount of methoxy : groups on the m-HPC. r 

Methyiation of HPC also increases the water stability 
of the polymer in aqueous solutions.; The level of hydration of 

10 m-HPC-5 was measured iii deionized water ' at 40°C and in 2, 4, 

and 8 wt % sodium sulfate solutions-: at ambient temperature. 
Samples were immersed in water for 4; :houfs iirider- s 
conditions to reach equilibrium,: -For ;camparis6n biily, the' level 
of hydration of poly (N^isopfopylacrylamide)- Was 

15 under the same .conditioias. .Table M below illustrates the water 

uptake of the above solutions; v ■ ^ .^^ -1* ; • ' - ; > . 

. ; . TablcII -ci-r' ■■/ - 

Water Uptake of m-HPCr5 in Aqueous SolutiniVs 
20 Sample Water Uptake- (gain in wt^ %) " - 

.- 2wt% ,4vvt% 8 -7/t% •40^C + 0%salt 

m-HPC-5 38 28 17 ; .. •: 34 

IPAM ■ ,w .Dissolved ;;; 35 ; ^ ^ r; i j r 61 • - ' 

25 

As can be seen in Table H,, m-HPC-5 has a lower degree of 
hydration and consequently l?€stter^wjater stabiUty than IPAM does 
under all of the above, cpjnditipns. y.^. -ic : • ' 

The binding strength of a particularly 'Suitable 

30 m-HPC formulation was tested,- A solution containing 5; weight 

percent m-HPC-2 in methanol ,was applied with a #20 wirS^ wound 
rod to a water dispersible wetlaid nonwoven comprismg" i-ayon 
fibers from BFF Nonwovensi^Bridgewater Somerset,-ltJK '(1.5 
denier x 25 mm length). The nonwoven was dried in a ?6f fcled- air 

35 oven. at 70°C. The "add-on" leyel was 32-35 wt%. The ndnWoven 

sheet was cut to 1" x 4" strips which were then mounted onto a 
mini-tensile tester with 2" grip separation. The strips and grip 
were immersed in the following solutions at ambient temperature 

pSTITSfii8fiK(tt2i • 
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(approximately 21 to 23°C): 0.9 wt% sodium chloride solution; 
2.0 and .4.0 wt% sodium sulfate solutions; and water at 30°C for 
10 minutes. The samples were also tested in tap water at 23°C 
after 30 second immersion. Further, combined effects of 
5 temperature and sodium sulfate on the tensile strength were 

studied using m-HPC-2 in 0.9 wt% sodium chloride solution at 
30°C and in 2 wt% sodium sulfate solution at 30**C. Similar 
effects were measured on a higher molecular weight 
isopropyiac]^lamide,(IPAM) sample above SS^'C for comparison. 
10 Results are summajrized in Table III below. " 

. : . 1 Table III 
Effect of Temperature and Salt S olution on Tensile Strp.n^ th 

15 Sample . : ; ; . ; j . . - Peak load (g) 

, ,Tap Warm . : ; , 
. Water Water o.,9%i 2%2 4%2 2%/30°C2 ;0.9%/30°C' 
m-HPC-2 0 110 125 97 - .136 151 222 
IPAM 0 154, 0 . 0 ~r. . — , 



20 



' sodium chloride aqueous solution 
- sodium sulfate aqueous solution 



As shown in Table III, m-HPC proved to be an 
25 effective temperature and/or ion triggerable binder. m-HPC 

maintains a tensile strength which is comparable or exceed^ that 
of IPAM above' ihe triggering point; however, m-HPC disperses 
within seconds in cold tap water. m-HPC may preferably be used 
as a non-force bearing component in Water-dispersible products. 
30 ■• Jrther; the-'M^ 

formulation was cbmpai^abfy- tested 'against' a sirtiilarly f>repared 
nonwoven using -5 weight percent HPC solution 'as a binder 
material.' Unlike thfe to-HPC-2 material which h^d a wet tensile 
strength of about 110 grams iri wafm water, the "HPC material 
35 exhibited no measurable wet tensil^ strength' in warm water. 

The effect of polymer blending pri the binding 
- ^ strength and triggerabilify of m-HPC was determined by solution 
' biendihg surfactant free poly(vinyl acetate) (PVAc) (MW = 
96,000) with m-HPC in methanol. Incorporation of PVAc 
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, significantly reduced the level of hydration, but did not affect the 
V . triggerability up to about 50 wt%, the' triggerability of the blend 
being solely dependent on the rh-HPC component. Although 
concentration . levels Of hydrophobic polymbrs above about 50 
5 wt% are considered wifhiri the scope' of the priesent invention, 

concentrations of this range reduce dissolutibn rate of the blends 
in cold water. ^ ; ; . r » 

• -To determine the effdtt of PVAc on the binding 
strength of m-HPC, 5 wt% blend sblutiorts iii metharibl were used 

10 to apply the blend ''as a binder to a rayon nbh woven siibstrate. 

The application procedure was the same as before. Add-on of 
about 33 to 35 wt% were obtained. Concentrations of PVAc in 
these blends were :30iL-'50 vand^. 70 ^t%P-M di'^uhstd above, the 
triggering temperature for all the blends remained unaffected. 

15 The rate of dispersion was also unaffected for binders with 30 

and 50 wt% PVAc. As PVAc content increased to about 70 wt%, 
it took about 1 minute for the substrate tb disperse upon shaking. 
Binding strength of the blends was' tested using the same 
procedure as before. Results of the tesdng is given in Table IV 

20 below. 

Table lV ' ; 
Effect of PVAc on the Binding Strength of m-HPC 
Sample (wt%/wt%> , , Peak load in 2 wt% sodium sulfate 

.. m-HPC-2/pVAG |(7O/30> \ ^ ; 81 - . 

25 m-HPC-2/Py Ac (50/50) ' ,^ 68 . -i., r - . 

' ; m-HPC-2/PyAc (30/70) . ...^T 165 - : - ■ - 

Tlip. binding stxength of s^^^^ 

containing less than 50 wt%, of,PV^c >]^as low that of plain 

30 m-HPC. Since m-HF>C,ig. not cqmpajlib!? With; PV Ac; due ,to large 

_ difference in molaT v,oljuir^9, .iri^rp-phase. -separation, was 

pbseryed,in the^p biei} %Cte4 as !$tr filler and 

contributed little to the,\yet,st^pi^g^h ;of|th^^ 

when , P y Ac. , 9Qntf!.nt .. jv^as ; ^oy er ,aJ;>o«t},;?.Q vjwtf'o v; , PV^fVe -formed 
35 condnupus phase and .<to|]ri,ipated, thjs. -.l^^^^^ As a 

result,", the bindm^^^ streng|i)|.o£ the blend? increased. rltGiF; exf^mple, 

the blend with 70, wt%. |^yA^^^^ a higher tensile strength^than 
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100 wt% m-HPC. However, the blend was still triggerable and the 
trigger temperature remained unaffected by the PVAc. 

, Further, the present invention encompasses a variety 
of blends comprising methylated hydroxypropylceilulose 
5 (m-HPC) mixed with one or more hydrophobic polymers. Other 

suitable hydrophobic polymers for blending with the polymers 
include, but are not limited to, polystyrene, styrene- aery lonitrile 
copolymer, acrylonitrile-t>utadiene-styrene terpolymer, ethylene- 
acrylic acid copolymer ethylene-niethacrylic acid copolymer, 

10 polyolefins grafted with polar functional groups such as 

acrylic acid, , maieic, anhydride, etc., polyacrylates, 
poly niethacrylate^, polyvinyl l?utyral, polyurethanes, polyesters, 
polyamides,. polyCethylene^ and ethylene-vinyl 

aicohpi copolymep, choice and number of suitable 

15 hydrophobic, polymers to.,be blended with polymers is not limited, 

as long as the resulting blend possesses properties (i.e., ion 
sensitive solubility, trigger -temperature, dispersibility in cold 
water, etc.) suitable for use in water-dispersible products. 
Desirably, the amount of hydrophobic polymer in the water- 

20 dispersible blend is from about 0 ■, to about 75 weight percent 

based pn the tot^l weight of the polymer mixture in the blend. 

The blend formvilations pf the present invention may 
contain othier components , in addition, to the, above-mentioned 
triggerable polymers and hydrophqbic polymers. In: some 

25 . v embodiments, it may be. desirable , to employ; one or more 
^^^'^l^^^^^ - H'^*^ antioxidants, antis^tatic agents, blowing agents, 
compatibiHzers, fl^n^e, retardants, heat .stabilizers, impact 
.modifiers,. iubricams,_^^^^^ processing aids, 

ciisp^rs^nt?, slip ag^iits,,,etc.,. as fabricating agents or as modifiers 

30 depending pn, the specific prpperties desired, in the, final prpduct. 

Fpr thermal prpcessability, qne.or more.of the above additives 
.may be particularly suitable: with the m-HPC pplymer. ^ , 
, , . , > i; . ^'^^^ ^"H?^ polymer, comppsitions . of the present 
• ^PXp'^tio'^. .-^irp highly ,.rC9m.patible . w gre.^t variety pf 

35 plasticizers; thus such plasticizers may be incprpprated therein tp 

improve such composition characteristics as flexibility and 
resistance to abrasion. These properties are particularly 
important when the composition is used as a binder material in 

SOBSFlIBlSifEeflllf : 
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^ connection with items to be worn isuch as the aforementioned 
sanitary napkins; diapers and the like. For these purposes, water 
soluble plasticizers such as giyceral dnd polyethylene glycol can 
be used, as well as water-insoluble plasticizers such as castor oil, 
5 and the like; ' ' ' 

The binder formulations of the present invention can 
be applied to any fibrous substrate. The bindeirs are particularly 
suitable for use in watef-dispiersible products. Suitable fibrous 
substrates include, but are not limited to, nonwdyen and woven 

10 fabrics. In -many embodimeiits, particu^^^^^ personal care 

* products, preferred siibstrates are nohwoven fabrics due to their 
absorptivity of fluids such as blood;,' urine ^and^^i^^^ As used 

herein, the temi "nonwoiS^eh fabric" refer^ a fabric that has a 
structure of individual fiber^s or f ilament^ r^nddm^ in a 

15 mat-like fashion: Nohwdveri fabric's ckh be 

of processes including, but not limited to, air-laid processes, wet- 
laid processes, hydroentangling processes i staple fiber carding 
and bonding, arid solution spinning. 

■ ' The binder formulations are particularly useful for 

20 binding fibers of air-laid nonwoven fabrics. These air-laid 

materials find particulairly useful applicatidri as body-side liners, 
fluid distribution'inaterials, fliiid in-take materials (surge) and 
cover stdck for various water-dispersible personal care products. 
The basis^weights for these air-ldid nohWoven fabrics >yiU range 

25 ^ from aboirt: ^20 to about 200 gram per square nieter (gsm). ' Short 
fibers of length less thah about l5 mm are desirably used to make 
these fliishkble ptdductsV Surge or ih-iake materials need better 
resiliency and hffgher foft sd -fibere^h^^ a fiber titre of about 3 
deriier (d) w^^tefat6r are' tised tp riiake tliese products. A 

30 d^siriable firial^dehisity - fdr ^iirge dr in- tak6 materials is 

between aboiit 0.025 End ibout d'650 grariis per cubic centimeter 
(g/cc). f^uid aisMl^^^^^ haVe a higher density, in 

the desired-tange oF about C/IG about 0.20 ^/cc using fibers of 
lower denier, mostf desirable fitters havin^^ denier of abdiit 1.5 d 

35 dr lessC * -'^ - • ' './i-: 
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The fibers forming the .fabrics above can be made 
from a variety of materials, including natural fibers, synthetic 
fibers, and combinations thereof. The choice of fibers depends 
upon, for example, fiber cost and the intended end use of the 
5 finished fabric. For instance,, suitable fibrous substrates may 

include, but are not. limited to, natural fibers. such as cotton, linen, 
jute, hemp, cotton, wool, wood pulp, etc. Similarly, regenerated 
.. cellulosic fibers such as viscose rayon and cuprammonium rayon, 
modified cellulosic fibers, such as cellulose acetate, or synthetic 
10 fibers such as. those, derive 

polyamidesrpqlyacrylies, etc., alone- or in combination with one 
, another,, may. one or more of the 

above fibers may also be used if so desired; 

. .• • . The fiber 'length is important in producing the 
15 fabrics of the (Rresent invention;, , In, some embodiments such as 

flushable, products, , fiber length , is of more importance; The 
minimum length of the fibers depends on the method selected for 
, forming the fibrous substrate. For example, where the fibrous 
. substrate is formed by carding,- the length of tlie fiber should usu- 
20 , . ally be at least about 42 mm in. order to insure uniformity. 

Where the fibrous-substrate is formed; by air -laid or wet-laid 
processes, the fiber -length may desirably be about 0.2 to 6 mm. 
. , , Although fibers having a length, of greater than 50 mm are within 
the scope of the; present invention, it has Men deteixained that 
25 . when a substantial quantity of fibers having a length greater than 

about 15,nam iS;rplaGed.in,a flushablesfabric,^^!^^ 
disperse and, separate in water, their length ;tends to form "ropes" 
, . of ^i?ers vvhich are , undesirablei y/hen fl^ toilets. 
. Therefore, for thes^ products, it is desi red that:the fiber length be 
30 , . about 15 mm or less .go th^it/tlie .fibers will not have a tendency to 
r "rope." Avhen they^are; flushed through a toilet. Although fibers of 
-various, length are applicable in the present inventioin, desirably 
, fibers^ are of a. lengtha.less .than about 15: mm so that- the fibers 
: . . .disperse, ea^s^^^ from one .another^ when- in .contact with , water, 
^5 .^t most,.desirablyt-jangjng; from, about 6 mm to about 15 mm in 

length. • - .1 \- , :■. • r ■ ■ ■ 
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The fibrous Substrate of the present invention may be 
formed froni a single layers!. In the base of 

multiple layers, the layers are generally positibns4n a 
or surface :tQ-surface^ ^relationship -a^^ a portion of the 

5 layers may be bound to adjacent layersi The noii-wovein web may 

also be formed from a ^plurality df separate rionwoven webs 
wherein the separate nonwoven webs rtiay be fornied from single 
or multiple, layers. In those instan6e^ where the non woven web 
includes multiple layers, the entire thickness of the non woven web 

10 may be subjected^ to a binder application each iriBividu'al layer 

may be separately subjected to^ a bihder applib^^^^^^ then 
combined with other layers in a jtixtapdsed^^eration^^ 
the finished nonwoven webJ- i^^^iJ ^ vj m ; ' : 
, r The ibiiider. c<)m|K>sitiori^4toa applied to the 

15 fibrous substrate by tanyi known^pf^desi^M^ 

processes for appiyihg the binder materidl include/ 
limited* to, printing, sprayihg, impfegrtating or by any other 
technique. The amount of binder comp6Sif ion may' be metered 
and distributed uniformly within the fibrofus Substrate or iiiay be 

20 non-uniformly distributed within the! fibrous substratfe- ' The 

binder composition may be distributed throughout the entire 
: fibrous substrate or it*may be: distributed within a multiplicity of 
small closely spaced3areas. In^niost embodiiiierits. Uniform 
distribution of>binder composition is desiteti. 

25 r For easei of application ^ to the fibrous su 

binder may^be dissolved invwateiTs Oriii-noh-'&qu66us sbfVeftt such 
as meitfianolviethanol,' or the^like; water b^hgfarprfefeited solvent, 
tQ provide soiuti6ns icontMnin^ iip^ t«i^ abcto^^ i>y vO^eight 

of, J>indeir; compobition solids; ' As ^ diseu^^d^ ab<>v6; pla^ 

30 such, as glycerol^ polyethyleiie glyfettl; eastb'f 'oil, and the like, may 

bemadded to the solution:;ejontaining thef^bin^^^ deinposifion, the 
amount,>of: such plasticizers varyitig -^{JcdMing^^ f 
y : desited, in the final fabric. : Al!SO^ 'j^eifanies, Coloring -^agents, 
.antifoamSi; bactericides; surface actii^e ageflts,' thickeriihg* a'^ents, 

35 fillers and similanadditi ves xan^ be iric^^pbf ated inf 6 ^lle Solution 

of binder components if so desired. Furthermore, otHfef water 
soluble or water dispersible binding agents such as polyvinyl 
alcohol or aqueous dispersions of, for example, polyvinyl 
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chlpride, polyvinyl acetate, polyacrylates, polymethacrylates, 
copolymers of acrylates and methacrylates, copolymers of vinyl 
acetate with ethylene, acrylates and/or methacrylates and 
copolymers of acrylates and/or methacrylates with vinyl chloride 
can also be, added to the binder composition solution in order to 
pbtain bonded, fabrics having various desired properties. 

Once the binder composition is applied to the 
substrate, the substrate is dried by any conventional means. Once 
dry, the .coherent fibrous . substrate exhibits' improved tensile 
strength when compared tq, the tensile strength of the untreated 
wet-laid or, dry rlaid substrates, and yet has the. ability to rapidly 
f , r "^^^} ^B^rt"' or disintegrate when placed in cold water and 
agitated. For ex^ample, the. tensile strength of the fibrous 

. substrate n^ay be increased by at least 25 . percent as compared to 
the tensile strjength of the untreated substrate not containing the 
binder. More particularly, i the tensile strength of the fibrous 
substrate iTiay ,be increase by at least 100 percent as compared to 
the tensile strength of the untreated substrate not containing the 
binder. Even more p^ticularly,,the tensile strength of the fibrous 
substrate may be increased by at least ,500 percent as compared to 
the tetisile strength of the untreated substrate not containing the 
. binder. - : - « 

, . . , A desirable feature of the. present invention is that 

the improvement in tensile strength is effected where the amount 
. of binder comppsitipn present, ''add-on", in the resultant fibrous 
substrate represents only , a small portion, by weight of the entire 
substyate., The.anipurit pf "add-on" can varj' for a particular 
application; however, the optimum amount of "add-on" results in 
, a fibrqus substrate iwhich has integrity while in use and also 
quicldy disperses., when. .agitated in cold water. For example, the 
binder qomppnems-i^typically are .from about 5 v to about 50 

. percent, by weighty, of .the total weight of the substrate. More 
..particularly,' the bmder. components may be from about 10 to 
, , about 35 percent7 by .w.6ight, pf the total weight of the substrate. 
Even , more particularly^ .the , .bidder componehts may be from 
about 15 to about 25 percent, by weight, of the total weight of the 
substrate. 
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As with the amount of -'add-on", the density of the 
- resulting fiber substrate should be stich that the substrate 
maintains stiiictural integrity while ih use; but quickly disperses 
.when agitated in cold' water. Although the dehisity may vary for a 
5 given application, gener£tlly the fiber substrate will desirably have 

a density of .about 0.01 to about 0.3 grkms per cubic centimeter, 
and most desirably a density of about 0.G25 to about 0.2 grams 
per cubic centimeter. - . ^ : - 

In one erhbodiment, the fabric substrates of the 
10 present invention imay bg ihc6rporal:ed ifit5 body fluid absor- 

bent products as Sanitary napkins; dlap^^ dressings, 
tissues, wet wipes, and the like. Theise iirodti^^^ include an 

absorbent core, comprisihg one of more lay drs of lah absorbent 
fibrous material. The b&rd may also c>&Ttt^^ oi^'hibrfe layers 

15 of a fluid-pervious elenierit, - such ^s- fibrSifs^^tis^ue, gaiize, plastic 

netting, etci These are generally useful 'as wrappiiiig materials to 
hold the components of the core together. ALdditiortally, the core 
: may comprise a fiiiid-impervious element or barrier means to 
preclude the passage of fluid through^ the core and on the outer 
20 r surfaces of the product. Preferably, the barrier means ^dlso is 
water-dispersible:' A film of a polyiner Having substantially the 
same composition as the aforesaid water-dispersible binder is 
particularly well-suited for this piirpdse. Ih accordance with the 
present invention, the polymer cdmpositioris are ' useful for 
25 forming each of the above-inentioned prbduct- 6bmponents 

including the 4ayers 'of absorbent corev the fluid-pdrvious e^^^ 
the wrapping materialjS,> aAd thfe flMd-imp8rvious'^ element or 
: barrier: means.' i'a'o^;^- ^u.^ri.^: JO :;n- I'r - a'* /^-^ . njor;.. 

r ' Understandinig the thei^fial p^^^ 
30 important in terms of binder" fbrrhM¥tr6rf,^^^^^^^ fjroCessing, 

and product performance. Glass itt^arfsilion'^ te^^ was 
: . estimated by: DSCr(JDiff^eMiar 'Stfaniii*^ C^Ibrinietr)/) and 
confirmed by DMAr(Dyflamic5 MechSf^^ Ariaiysisj/'StabiTity of 
; m::^HPC was determined by TGA^ tThertiM! • GraVixhetric 
3 5 Analysis). .Thc results are soiftmafize;dHri'T 
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. Table V • • 

Comparison of Ther mal Properties Between HPC and m-HPC 

iffC m-HPC 
Glass Transition Temperature ("O ^ -85 56 

5 Softening Temperature (°G) - 130 - 100 

Decomposition Temperature CC) - 205 208 

Compared to HPC, there is a significant drop in the 
Tg, primarily due to the reduction in the number of hydrogen 
10 bonds in m-HPG. Similarly, the softening point changed from 

130'=>C for.HPC to: 100°C for m-HPC. m-HPC is stable up to 
208 °C beyond which severe degradation occurs. 
; ^ To deterniine the thermal pfocessability of m-HPC, 

m-HPC polymers were tested to detieraiihe the applicability of m- 
1 5 HPC as a structural material such as a film or fiber. The melt 

Theology of HPC (MW = 370,000) and m-HPC-5 was studied on a 
capillary rheometer. m-HPC-5 was studied at 170°C while HPC 
was studied at 190°G'due to higher viscosity. Both polymers 
showed typical thermoplastic behavior. Howeveiv m-HPC has a 
20 much lower viscosity than HPC at a[< given shear rate^ For 

example, at^a shear rate of 1000 s-l\ m-HPC-5 had a melt 
viscosity of 36 Pa s while HPC had a melt viscosity of 96 Pa s. 
The decrease in viscosity is believed to result from partial loss of 
hydrogen bonding. This is further supported by the fact that 
25 , : .. m-HPC-3, which has s. higher degree -of methylation, is less 
viscqus atl'50°C than iii-HPC-5 at 170°C. ' 

Similar to HPC, m- flPC of the present invention is 
.thermally processable. ni-'HPG can be pressed into k film at about 
120i to 200°G on r Carvjjr hot piesis; With cai-eful selection of 
30 processing coiiditions, 'n>HFC ^can be fed thirOugh an extruder. 

Given its therrnal procsssabiiity, iri-HPC can be used to pioduce 
^.triggerable diaper comporietr.s; such as those discussed above, in 
film^ orr non- woven fiber fokm;:^- m* -j: . . " 

^ Thosfe sldlle»i in ^re- ;?rt will read^ 

35 the binder formulations and fibrous^ substrates of the present 

: ".invention may be advantagfeoii'sry ernpibyed in the preparation of 
i > a wide variety of products, iniduding but not limited to, absorbent 
personal care products designed to b'e contacted with body fluids. 
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Such products may only- comprise a single layer of the fibrous 
substrate or may comprise a combination of elements as described 
above. Although the binder formulations and fibrous substrates 
of the present invention are particularly suited for personal care 
5 products, the binder formulations and fib^ous^5ubstrates may be 

advantageously employed in a wide variety -of consumer products. 

The present invention is further illustrated by the 
following examples, which aire not to be construed in any way as 
imposing liniitations upon the scope thereof. On the contrary, it 
10 is to be clearly imderstood that re?ortrmay be had to various other 

embodiments, modifications, and equivale iHeredf \Vhich, after 
reading the description- herein, may suggest themselveis to those 
skilled in the : art. withp^ut departing) from: of the present 

invention and/or tiie: scope of the apperided claims.^* { " ' 
^5 . • •■- -V ■ -:. . 

Meth ylation of HPC , u 

Two approaches were taken to^modify HPC. The 
V, first approach involved a bombgeneous reaction in an 
. acetone/hexane mixture with hexane concentration varying from 
20 0 to 20 volume percent. The, second approach involved a 

heterogeneous reaction in hexane. Examples 1-3 below describe 
the reaction procedures. : y 

, ... " ./r - ^ EXAMPLE 1 : / 

25 ; ; . JHPG powder, purchasedufromi Aqualoh Company, 

Wilmington, Delaware (70 g, 0.54 ,mol of. hydroxy group) was 
. added to 2100 ml} of jacetone vinth , vigorous; stirring at room 
. temperature., A viscous, hazy solution: was formed^ in about an 
^ hour. K ipH (F.Q >g, 2.0-i7ipl) was dissolved iii 180 ml of water 
30 ; and about: 1/4 of the -NaQH solution was ; added dropwise to the 

• HJPG solution. 1^ The mix;turerw 

. Dimethyl sulfate (140 g, 1,1 l pio\) m the NaOH solution 

were added dropwise fromr-two , separate v addition*^ 
. simultaneoysly over a ,peri^^ The viscosity 

35 initi^Uy tncre^sed and. The 

reaction was perfoimed fpri^threer^^ the 
remaining 1/4 of the .NaOH - was , ^^^^ The .reaction was 

: condiicted for an additional 30 m^ The ipolymer was 
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precipitated in warm water and purified by redissolved in cold 
water and reprecipitated in warm water. The final product was 
dried under vacuum. Nearly 100 percent yield was obtained. 

The cloud point of the resulting polymer was 24-27'='C. 

5 , ■ .; . ■■ ■■ • .. 

EXAMPLE 2 
HPC (10 g, 0.076 mol of hydroxy group) was placed 
in 60 ml of 30. weight percent sodium hydroxide solution for 30 
minutes to get uniform wetting; , HPC was hghtly pressed to 
10 remove excess , water and then dispersed in 300 ml of hexane. 

Diniethyl sulfate (30 g, 0.24 mol) -was added dropwise to the 
slurry at room temperature:. The reactioh was carried out for six 
hours, The solvent ! was ^removed throligh air drying. The 
, polymer was washed with: Warm water and dried under vacuum. 
15 The yield was over 99 percent. The cloud point of the resulting 

polymer was 28-40^C. ' 

EXAMPLE 3 ■ 
Modification of HPC with methylchloride was 
20 , performed in a heterogenfeoas system. HPC (20 g, 0.15 mol of 

, , hydroxy groups)? v/as mixed with 35 g of 57 percent sodium 
hydroxide solution- (20 g of NaOH in 15 ml of water). The 
mixture was transferred, to 200 riil 6f toluene. The suspension 
was stirred for one and ari half hours until HPC broke to fine 
25 particles, i Methylchloride (41.2 g, 0.82 rnol) in lOO ml of toluene 

was then added to HPC slurry.' The reaction was performed for 
six- hours at room temperature. Toluene was decariteci and the 
; . product was- drifed in' the' air: The dry powder was Svashed with 
' , warm water to remove sodium' chloride and unreacted sodium 
30 hydroxide, and dried under vaCuum.^ Ilie yield was 100 percent. 

, Jhe cloud point of the resulting polymer was 26-45°C: 

As. .rcan' : be seen in the abbv'e Examples, a 
homogeneous system gives a more uniform reaction which leads 
to narrow cloud point distributi'oh! However, the sblid- level is 
35 ; J . offeri low^to avoid high viscosity*: 'It is beheved that each particle 
, ; ' of HPC is highly swelled in acetone; allowing methylatihg agent 
: . . . to reach the center of each particle^ for reaction, biit the polymer 
chains are not fully extended. Hence, the viscosity is manageable 
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for about a 3 weight percent solution of HPC with molecular 
weight of about 370,000. A.rapid dispersion of dimethyl sulfate 
was achieved with high speed stirring to ensure an even reaction. 
As a result, all of the m-HPG prepared in acetone have fairly 
5 narrow cloud point range, usually within four to five degrees 

which is very similar to HPC (see Table 1 above). This indicates 
that methylation in acetone occurs evenly along the polymer 
chain. Water solubUity , of acetone addis: additional advantage for 
easy recpyery ; of. the polymer. - liU it-. 

10 in ordjsr> tp^:increase; the.solid content in the rea^^ 

a hexane/acetpne" mixture was used to reduce sweHihg of the 
particles. It .was found- t^at 25 percent- hexane can significantly 
reduce the viscosity of t^e system so that the modification can be 
done at abqut 10 percent concentration without affecting the cloud 

15 point distribution. sf; in^:. - ^ v'* ' o . 

Heterogeneous modificatibn of HPC achieved a 
higher solid load. HPC particles were pre-swelled in 
concentrated sodiurn hydroxide aqueous solution to create 
reactive centers on the polymer.chain. and allow easy penetration 

20 of , the reagent. The swelled particlesrwere then transferred to 

hexane or toluene to form a suspended system./ The solid load can 
be about 30 weight percent or higher..' Methylating agent can be 
either dimethyl sulfate or methyjchloride. However, the cloud 
point distribution,, of the resultant m^HPC is three to four times 

25 broader relative tp.a homogeneous reaction.' It is: believed that the 

HPC particles ar^ nqt fully open.; The polymers on the surface 
, have the. highest level.of mpdificat;iQn and the reaction extent 
. , decreases, towards the center of th^ . particle; In addition poor 
. solubility; of the methyJ^^ting aEgents in^water also retards the 

30 reactipn,, Elevated, tepiperature whieh. enhances solvation power 

and higher pressure to force the reagent into ■ the particle are 
helpful, to iniprpye the urufopnity of =the reaction. 
.... ... .* .,<{■■/ .iTri=. '/-xh*.' r-i.v^r.f-: • "^--i <>/• . :'■ 

Cloud Point. Adjustmerit By.Methvlation a. ■ : v. ^ 

35 : . . . ' ^ D?gJ^?€^ .9t methyjatipn was idetermined byi liH ^NMR. 

The peak at.ca.,,3..5 .ppm The 
degree of methylatipn . was i^etermijied by !H NMR asthe ratio of 
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the methoxy peak (MeO) to the methyl peak of the hydroxypropyl 
group (PO) at ca. 1.2 ppm. , 

Replacement of hydroxy group with methoxy group 
increases hydrophobicity of HPC. As a result, the cloud point of 
5 ,m-HPC decreases with an increasing degree of liiethylation. 

, - EXAMPLE 4 
Examples 4-9 below demonstrate the effect of 
methylation on the cloud point of HPC. 
'0 . , : Using the homogeneous method of Example 1, 1.0 

-wpart per weight .(ppw) . HPC was reacted with 2.4 ppw NaOH in 
.6.0 ppw water and with ; 5.2 ppw ;dimethyl sulfate in acetone. 
The degree of misthylation was determined to be 0:53: The cloud 
point range^ of, the i resulting' polymer, ; in-HPC- 1 , was 19 to 
15 22.5°C. 

, . -EXAMPLE 5 
Using the hoinogeneous method of Exainple 1, 1.0 
. part per weight (ppw) HPC was reacted with 2.4 ppw NaOH in 
20 ; 6.0 ppw water, and 3.7 ppw dimethyl sulfate. The degree of 

methylation was determined to be 0.43. The cloud point range of 
the resulting polymer, m-HPC-2, was 23- to 26.5'^C. 

EXAMPLE 6 

25 Using the homogeneous method of Example 1, 1.0 

part per weight (ppw) HPC. was reacted with 1.5 ppw NaOH in 
4,0 ppv/ water, ^and 3.0 ppw: dimethyl sulfate. The degree of 
methylation v/as determined to be 0.46^ Tlie cloud point range of 
the resultin-. polymer, n[i-HP.e-'3, was 23 to 26'*C. ' : : 

y :. ■ .:•£:.:• --EXAMPLE.-?.': J- " 

;Using'ithe - homogeneous . method; of Example 1 , 1.0 
part per weight (ppw) HPC was reacted with 1.5 ppw NaOH in 
4.0 ppw water, and .2.8 .ppw -dimethyl sulfate. The degree of 
35 . ; . methylation. was determined to be 0:44. ; The cloud point range of 
; ;; -the, resulting polymer, m-HPG-4, was 23 to 28*'G. ^ 
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EX AMPLE 8' 
Using the homogeneous method of Example 1, 1.0 
part: per weight (ppw) HPC was reacted with 1.5 ppw NaOH in 
5 4.0 ppvy - water, and 2.8 ppw dimethyl sulfate. The degree of 

methylation was determined to be 0.39. The cloud point range of 
the resulting polymer, mrHFC-S, was 26 to 31°C. 

, ' . .■EXAMPI..E 9 ■ ■■■■ 
10 Using, the homogeneous niethod of Example 1, 1.0 

part per weight (ppw) HPC was reaictedqwith 1.5 pp'w NaOH in 
4.0 ppw water, and 2:1 ppw diniethyl. :gulf ate. The degree of 
, methylation was determined to be 0,26:.' .Thefclbud^lJbiEtt range of 
the resulting^polymer, m^HPC-6,;Was'31 16 35°C. ^ ' > ' ■ 

1 5 . ' . . . .■: 

Thermal Processing 

The following examples demonstrate film and fiber 
formation of m-HPC polymer. Film forma:tibn of m-HPC was 
tested on a hot press at 165°C.- The polyjrier successfully 
20 produced transparent, flexible films, t Furthermore, m-HPC 

: . successfully formed fibers very easily when processed ftirough a 
die of capillary rheometer. The m-HPG fibers possess 
exceptional strength. 

25 • ■ ^<-^r;,T .,..EXAMPLEaO:^ 

mrHPC formed a continuous iStoeet whe 
. 100, 120; IBQ .and 2Q0*'ei:for',zoiie; 1, zonej^, zone 3 and die 
temperatures, [ respectively- -on^ ani?Haake.'extniderL Kfolecular 
weight analysis^ . of samples^ by?: €rPG " "(Gel ^ Permeation 
30 Chromatography) before and after extrusion suggests that little 

degradation occurredrdUrihg the' processing. m-HPC with higher 
molecular weigbtishould proyide^betCer film quality. 

35 \: I ; ■ : Fiber spimiing of im-fHPC' was ' condu^^^ a 

conventional modular, spinning? liriexi The heating temperatures 
were 125, 150, and 165°C for zone 1, zone 2 and zone 3, 
respectively. The static mixer and die temperatures were 175°C. 
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Polymer came out of the spinning head as continuous fibers with 
a drawdown speed of 35 m/min. At this speed the average 
diameter of the fibers was 43 microns. Fibers were quite strong 
with an average dry strength of 90 g as measured on a Sintech 
5 Tensile Tester. 

The above disclosed examples are preferred 
embodiments and are not intended to limit the scope of the 
present invention in' any way. Various modifications and other 
embodiments and uses, of the -disclosed water-dispersible 
10 polymers, apparent to those of ordinary skill in the art, are also 

considered to be within the scope of the present invention. 
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What Is Claimed Is: . ; : ^ ■ 

1. , A binder composition for binding fibrous 
material into an integral >yeb, said binder composition comprising 
5 methylated hydroxypropylcellulose. 



2... The binder composition of claim 1, wherein 
the binder composition has a cloud ppint of jless, than about 40°C. 

3. The binder composition of claim 2, wherein 
the binder composition has a cloud point of less than about 31°C. 



15 



4, The binder composition of claim 3, wherein 
the binder composition has a cloud point of less than about 26°C. 



20 5. The binder composition of claim 4, wherein 

the binder composition has a cloud point of less than about 23*^C. 



6. The binder composition of claim 2, further 
25 comprising at least one hydrophobic polymer. 



7. The binder composition of claim 6, wherein 
the at least one hydrophobic polymer comprises polyvinyl acetate. 



30 



8. The binder composition of claim 7, wherein 
the polyvinyl acetate is present in an amount of up to about 70 
weight percent based on the combined weight of m-HPC and 
35 polyvinyl acetate. 
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9. A fibrous substrate comprising: 

at least one fibrous material; and 

a binder composition for binding said at least one 
fibrous material into an integral web, said binder composition 
comprising methylated hydroxypropylcellulose (m-HPC). 



10 



10. The fibrous substrate of claim 9, wherein the 
binder composition has a, cloud point of less than about 40°C. 



11. The fibrous substrate of claim 10, wherein the 
binder composition has a cloud point of less than about 31°C. 



12. The fibrous substrate of claim 11, wherein the 
binder composition has a cloud point of less than about 26°C. 



20 13. , The fibrous substrate of claim 12, wherein the 

binder composition has a cloud point of less than about 23°C. 



15 



14. The fibrous substrate of claim 9, wherein the 
25 binder composition further comprises at least one hydrophobic 

polymer. . , - , 

15. The fibrous substrate of claim 14, wherein the 
30 at least one hydrophobic polymer comprises polyvinyl acetate. 

16. The fibrous substrate of claim 15, wherein the 
polyvinyl acetate is present in an amount of up to about 70 weight 

35 percent based on the combined weight of m-HPC and polyvinyl 

; ace^tate.;. . ^.^ 
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17. : The fibrous substrate of claim 9, wherein the 
at least one fibrous material cbrhprises' natural fibers. 



-18. The fibroiis substrate of claim 9 ^ wherein the 
at least one fibrous material comprises synthetic fibers. 



19. The fibrous substrate of claim 17, wherein the 
10 at least one fibrous material comprises natural fibers and 

synthetic fibers. 

20. The fibrous substrate of claim 9, wherein the 
1 5 fibrous material comprises a nonwoven fabric. 



21. A water-dispersible product containing at least 
one fibrous substrate, wherein the fibrous substrate comprising: 
20 at least one fibrous material; and 

a binder corriposition for binding said at least one 
fibrous material into an integral web, said binder composition 
comprising methylated hydroxypropylcellulose (m-HPC). 



25 



30 



35 



22. The water-dispersible product of claim 21, 
wherein the binder composition has a cloud point of less than 
about 



23. The water-dispersible product of claim 22, 
wherein the binder composition has a cloud point of less than 
^aboutare. '^--^ > - --f:^".^-^'^ ^o-^^i:-. :-:C\ 

24. The water-dispersible product of 'claini 23, 
wherein the binder composition has a cloud point of less than 
about le^'C. 
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25. The water-dispersible product of claim 24, 
wherein the binder composition has a cloud point of less than 
5 about 23°C.. 



26. The water-dispersible product of claim 21, 
wherein the binder conapositipn further comprises at least one 
10 , hydrophobic polynaer.. ^ ; , ^. i . . 



27. The water-dispersible product of claim 26, 
wherein the at least one hydrophobic polymer comprises 
1 5 polyvinyl acetate. 



28. The water-dispersible product of claim 27, 
wherein the polyvinyl acetate is present in an amount of up to 
20 about 70 weight percent based on the combined weight of m-HPC 

and polyvinyl acetate. , . - 



29. The water-dispersible product of claim 21, 
25 wherein the at least one fibrpus material comprises natural fibers. 



30. The water-dispersible product of claim 21, 
I , wherein the at least pjie,.fibroi4.s , material comprises synthetic 
30 . c ^ fibers. ;, - -ry, -., • ■ . 



31. The 4 waterr-dispersible product of claim_ 29, 
wherein the at least one.fibrous ^matqrial comprises natural fibers 
35 and synthetic fibers. 
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32. The water-dispersible product of claim 21, 
wherein the fibrous material comprises a nonwoven fabric. 



33. The water-dispersible product of clai'rti 21, 
further comprising a fluid impervious film formed from m-HPC. 



34-' The water-dispersible product of cl^ini 21, 
1 0 wherein the product is a flushable personal' care pir&diict s^lbcted 

from the group consisting of tampons, feminine pads, pantiliners, 
diapers, wound dressings, wet wipes, dry wipes, towels and 
' tissues. X ■ '-. r -.w-M ■'■L\Xi -.'-'^v-r^ -rSX ':. 



15 



35. A water-dispersible thermoformable article 
comprising methylated hydroxypropylcellulose (m-HPC). 



20 36. The water-dispersible thermofoi-mable article 

of claim 35, wherein the article comprises af least one fibrous m- 
HPC material. 



25 ■ . , 37. : :.The water-dispeMMe^ thermbfo^^ 

of claim 35, wherein the article comprises a m-HPC film. 



; iSSr ^A.methdd- Of-adjtistihg^^^^ of 

30 hydroxypropylcellulose for use as a water-dispersible binder 

material, said method comprising: 

substituting methoxy groups for secondary hydroxy 
groups: on:) the^ h>4rbxyptep^^^^^^ groups of the 
hydroxypropyloeilulose pMymer crtiSrtl^ ■ ^ 
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